Introduction
Recent studies have shown that lactational estrus and(or) shorter postweaning intervals to estrus can be induced in sows when suckling is altered or disrupted by moving sows from their piglets into group or individual pens. Grouping sows and their piglets at 2 to 3 wk postpartum in the presence (Petchey and Jolly, 1979; Bryant, 1981, 1982; Duggan et al., 1982) , or absence (Smith, 1961 ) of a boar resulted in estrus and(or) fertile rnatings during lactation. In some studies, sows grouped with their litters, but not exposed to boars (Bryant et al., 1983) , exhibited estrus less frequently than sows grouped together, exposed to boars, and fed ad libitum (Rowlinson and Bryant, 1976; Petchey et al., 1978; Bryant and Rowlinson, 1984) . Sow and litter separation (6 or 12 h/d) induced estrus during lactation when boar exposure was provided (Walker and England, 1977; Stevenson and Davis, 1~984) . Petchey and English (1980) and Hemsworth et al. (1982) found that group-housing of sows and boar exposure during lactation reduced the interval from weaning to remating for those multiparous sows that did not exhibit estrus during lactation. The objectives of the present studies were to 1) examine further the effect of duration of litter separation and boar exposure on estrous response of sows during lactation, 2) partition the effects of litter separation from boar exposure on estrous expression by sows during lactation, and 3) determine the influence of parity on estrous response to altered suckling and boar exposure.
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Materials and Methods
Exp. 1. Two trials were conducted in October (n=21) and December 1983 (n=18) utilizing crossbred (Yorkshire • Duroc) sows of mixed parity. Sows were assigned randomly within parity (primiparous vs multiparous) to two treatment groups (no control). Treatment consisted of separating sows from their litters for 3 (n=20) or 6 (n=19) h/d plus boar exposure for 1 h/d (LS + BE) beginning 8 d before weaning piglets from sows at 3 to 4 wk (19 to 31 d) of age. Litter separation not only included disruption of suckling for the specified period (3 or 6 h), but also included a change in environment and social contact. Sows were moved from inside individual farrowing crates to outside group pens (four to eight sows/group) during the treatment periods, physically exposed to a mature (> 1 yr old) boar, and observed for estrus during the first hour of separation. Estrus was confirmed by the immobile standing reflex of the sow to back pressure and mounting by a boar or another sow. The number of nursing piglets was standardized at 6 to 10 pigs within 48 h postpartum. Sows were fed ad libitum a diet consisting of grain sorghum and soybean meal (14% protein) balanced for protein and energy, plus supplemental vitamins, minerals and salt to meet NRC (1979) requirements for lactating sows. Body weights of sows 1 d before treatment and at weaning were measured to determine treatment effects on weight loss during treatment. After weaning, sows that had not yet shown estrus were placed in group pens, and each sow was fed 1.8 kg/d of a sorghum grain-soybean meal diet plus vitamins, minerals and salt that met or exceeded all NRC (1979) recommendations for gestating sows. Sows were observed for estrus twice daily (0800 and 1600) until estrus occurred or no longer than 10 d after weaning.
Days to estrus were analyzed by analysis of covariance using the General Linear Models procedure of the Statistical Analysis System (SAS, 1982) . Trial (n=2), treatment (n=2), and parity (primiparous vs multiparous) plus all two-way interactions and days postpartum at weaning (covariable) were evaluated in initial models. Days to estrus were analyzed separately for sows in estrus before and after weaning. Proportions of sows in estrus were tested for differences by chi-square.
Exp. 2. Four trials were conducted with 101 crossbred (Yorkshire x Duroc • Chester White) sows of mixed parity weaned during August, October and November 1985 and October 1986. Sows were assigned within parity to four treatment groups (2 • 2 factorial experiment). Treatments consisted of 1) boar exposure (BE) for 1 h/d, 2) separating sows from their litters or litter separation (LS) for 6 h/d, 3) LS + BE and 4) no LS + no BE (control). Treatments began 8 d before weaning. Sows were fed ad libitum the same diet at 0600 and 1915 and housed in farrowing crates as described in Exp. 1, except during periods of treatment. Sows in the LS group were moved in groups of four to eight to outside pens (with concrete floors) at 0645 and returned to their litters at 1245. Sows were checked for signs of estrus by the same individual during the first hour of separation. Sows were considered estrual when they stood to be mounted by other sows or responded positively to back pressure. Sows in the LS + BE group were moved (1300) to the same outside pens occupied previously by the LS sows. A boar (> i yr old) was introduced into pens of the LS + BE group from 1315 to 1415, and sows were observed for signs of estrus. At 1900 sows were returned to their litters, and outside pens were scraped, washed and allowed to dry overnight. Sows in the BE group were housed in raised farrowing crates in a room separate from the other treatment groups. A boar (> 1 yr old) was brought to the room and allowed access to the sows at the front of each crate only. Care was taken to ensure that the boar approached the front of each crate (noseto-nose contact only) at least four times during BE (1330 to 1430). Boars were rotated between the LS + BE and BE groups on alternate days. Control sows were neither separated from their litters nor exposed to boars until after weaning. For non-BE groups (BE or controls), estrus was determined by observing a positive immobile response to back pressure. All sows were exposed to boars for estrous detection after weaning as in Exp. 1.
Pigs were weaned from sows at 4 wk (23 to 31 d) of age in August and at 3 wk (16 to 27 d) in the remaining trials. Feed intake of sows during the experiment and weight of sows and litters at weaning were recorded to determine the influence of LS and(or) BE on weight loss of sows, growth of litters, and feed intake of the sows for the duration of treatment.
Data were analyzed by least-squares analysis of covariance as described for Exp. 1. The model for days to estrus included treatment (n=4), trial (n=4) and age at weaning (covariable). Interactions could not be examined for sows showing estrus during lactation (preweaning group only) because of limited numbers of sows and missing ceils. Feed intake of sows was analyzed with treatment (n=4), trial (n=4), parity (n=2) and incidence of estrus (pre-vs postweaning) incorporated in the model. Models used to analyze weights of sows and litters at weaning included sow and litter weights before treatment as covariables. Comparisons of treatment responses with the control were by ScheffCs interval (Gill, 1978) .
Results
Exp. 1. Table 1 illustrates the similarities of litter size, sow weight, lactation length and the number of sows in the 3-or 6-h LS + BE treatment and parity groups. Percentage of sows in estrus preweaning was similar for the 3-h (65%) and 6-h (79%) treatments. However, more (P<.01) multiparous (88%) than primiparous (38%) sows were in estrus before weaning.
Intervals to estrus for sows expressing estrus before and after weaning are also shown in table 1. Whereas preweaning intervals to estrus tended to be less (P=.08) for 6-h than 3-h LS + BE sows, postweaning intervals were similar. Multiparous sows returned to estrus during lactation earlier (P<.01) than primiparous sows, and postweaning intervals to estrus tended to be shorter (P=.07) for multiparous than primiparous sows. Sows that returned to estrus during lactation had shorter (P=.06) intervals to estrus in December than October (4.9 -+ .3 vs 5.7 + .3 d). Sow weight and litter weight at weaning were similar for sows expressing estrus during and after lactation ( Cparity effect (P<.01).
were in estrus preweaning, intervals to estrus were similar. Intervals to postweaning estrus, however, were reduced (P<.05) by preweaning BE compared with controls. Whereas more primiparous than multiparous (14 vs 2%) sows tended to be in estrus during lactation (P=.06), parity had no effect on intervals to estrus. For sows in estrus after weaning, intervals to estrus were longer (P<.05) in August (5.4 * .3 d) than in November (4.3 + .3 d) and October 1986 (3.7 +-.2 d). Furthermore, sow weight and intake of feed and litter weight were unrelated tO whether sows were in estrus during or after lactation. aDays to estrus (mean + SE) after onset of treatments (last 8 d of lactation) before weaning (preweaning) or after weaning (postweaning). Number of sows is in parentheses. Litter separation was 6 h/d and BE was 1 h/d. bDifferent from control and LS + BE sows (P<.05).
Discussion
These studies have provided information about factors associated with reduced suckling intensity during lactation and their effects on estrous expression in sows. Our experiments were designed to address the influence of 1) altered suckling with and without boar exposure, 2) duration of altered suckling and 3) season and parity on reproductive quiescence, which is normally associated with lactation in
SOWS.
In Exp. 1, as long as sows were exposed to boars for at least 1 h/d, the incidence of lactational estrus was about equal for 3-h (65%) and 6-h (79%) LS. In our earlier studies, 6-and 12-h LS also were similar in their ability to induce lactational estrus (Stevenson and Davis, 1984) . Abrupt changes in patterns of suckling can induce estrus in sows, as others have demonstrated with duration of separation varying from 6 to 22 h (Smith, 1961; Walker and England, 1977; Thompson et al., 1981; Grinwich and McKay, 1985) . The combined data suggest that a minimal duration of LS may initiate events leading to estrus during lactation. If there is any advantage for increased duration of LS, our present data suggest that 6-h LS may reduce the interval to estrus in sows that come into estrus during lactation compared with 3-h LS (table 1) .
In Exp. 2, our data provide evidence that the factors of LS and BE are not additive. Litter separation proved to be more critical for initiating estrous cyclicity during lactation than BE without LS. The failure of BE alone to initiate estrous cycles in lactating sows is in contrast to studies in which only boar exposure to prepubertal gilts (Brooks and Cole, 1970; Mavrogenis and Robison, 1976) and ram exposure to seasonally anestrous ewes (Chesworth and Tait, 1974; Walton et al., 1977; Oldham et al., 1978) stimulated estrous cycles. Only nine litter-separated sows expressed estrus during lactation, of which five were BE. The fact that few sows came into estrus during lactation without LS, even though they were exposed to boars (Henderson and Hughes, 1984; Walton, 1986) , suggests the importance of first reducing the inhibition of suckling on gonadotropin secretion and then initiating gonadotropin release by providing further LS or BE. We recently demonstrated that LS + BE increased (within hours) basal and pulsatile secretion of luteinizing hormone in multiparous sows that expressed estrus during lactation (Newton et al., 1987) . Rowlinson and Bryant (1982) reported that occurrence of lactational estrus was highest for sows grouped with other sows and their litters, exposed to boars, and fed ad libitum beginning 20 d postpartum. Grouping of sows and providing BE initiated estrus in a higher proportion of sows compared with no grouping or BE, whereas additional feed availability was without effect. Rowlinson and Bryant (1982) suggested a synergism between the three factors they examined, so that all were necessary to maximize the incidence of lactational estrus in sows.
Sows failing to respond to altered suckling (which may or may not have included regrouping of sows in a different physical or social environment), BE, and(or) increased feed availability during lactation expressed estrus after weaning at intervals similar to those of nontreated herdmates (Rowlinson and Bryant, 1982; Stevenson and Davis, 1984) . We suggested earlier that the estrous response to treatment (LS + BE or reduced litter size during late lactation) may be an "all-or-none" phenomenon, because sows failing to respond before weaning have normal rather than intermediate intervals to estrus after weaning (Stevenson and Davis, 1984) . Exceptions to this statement were identified in studies in which treatments of altered suckling during the last 48 to 120 h of lactation reduced postweaning intervals to estrus. These treatments, however, were administered too late in lactation to allow an estrous response to occur during lactation (Stevenson and Britt, 1981; Britt and Levis, 1982; Stevenson and Davis, 1984) . However, in one study where reduced suckling was associated with or without boar exposure and(or) movement of the sow from her original pen, only one of 40 multiparous sows showed lactational estrus and intervals to estrus after weaning were reduced by nearly 2 d in ~the remaining treated sows compared with controls (Henderson and Hughes, 1984) . Furthermore, preweaning BE of sows also reduced the interval from weaning to estrus in other studies (Petchey and English, 1980; Hemsworth et" al., 1982; Walton, 1986) , as well as in Exp. 2.
The influence of parity in Exp. 1 was quite distinct. Multiparous sows in all treatments tended to return to estrus sooner after weaning, and proportionally more multiparous sows exhibited lactational estrus than primiparous sows. Similarly, Stevenson and Davis (1984) and Walton (1986) reported that multiparous sows returned to estrus after weaning earlier than primiparous sows. In addition, estrual responses of parity groups were different in Exp. 1 and 2. All of our earlier studies, including Exp. 1, have used Yorkshire • Duroc sows. In those studies, about 75% of the multiparous sows and 40% of the primiparous sows expressed estrus during lactation when provided 6 or 12 h LS and 1 h BE (Stevenson and Davis, 1984) . Experiment 2 utilized crossbred sows produced by mating Yorkshire • Duroc sows to Chester White boars. These sows failed to show similar estrous responsiveness during lactation and, in fact, primiparous sows tended to be more responsive than multiparous sows (14 vs 2%). These results may suggest an effect of breed composition, although otheruncontrolled variables are likely involved. Recently, Maurer et al. (1985) demonstrated that, among purebred sows, Chester White sows had longer intervals to estrus after weaning than Large White and Landrace sows and tended to have a 1-d longer interval than Yorkshire sows.
Influence of season on estrous expression of sows during lactation has not been reported previously. Whereas it appeared that increased photoperiod and(or) temperature associated with summer inhibited response to LS and(or) BE in our August experiment, such an explanation may not be plausible for the experiment in October 1986. Interestingly, postweaning intervals to estrus during August were not prolonged for either multiparous or primiparous sows in any treatment group, conflicting with other reports in which season lengthened postweaning intervals to estrus (Karlberg, 1980; Benjaminsen and Karlberg, 1981; Szarek et al., 1981) , especially for primiparous sows. Perhaps LS and(or) BE reduced the suckling inhibition on estrous cyclicity enough to override the detrimental effects of season on prolonged postweaning intervals to estms in our studies. However, since control sows in August returned to estrus in a manner similar to treated animals, LS and(or) BE cannot account totally for this response.
In summary, our studies demonstrated that duration of LS was not critical for our sows to exhibit estrus during lactation, whereas some disruption of the suckling pattern during lactation was essential. However, at this time we are unable to partition the effect of changing the physical and social environment of the LS sows from the reduced suckling effect because those factors were confounded in the LS treatment. Boar exposure did not appear to be an additive factor to LS for inducing lactational estrus. Boar exposure (nose-to-nose contact) alone did not induce estrous cyclicity in lactating sows, but did reduce intervals to estrus in sows after weaning. These data suggest that BE had a physiological effect before weaning, but without LS estrus could not be induced during lactation. Parity and possible seasonal effects on lactational estrus were demonstrated. Multiparous sows were more responsive to treatment than primiparous sows during lactation (Yorkshire x Duroc sows), whereas Yorkshire • Duroc x Chester White sows of either parity (Exp. 2) appeared less responsive to LS and(or) BE than Yorkshire • Duroc sows in Exp. 1 or in those of our previous studies (Stevenson and Davis, 1984) . Further work examining these potential genetic and seasonal interactions with LS (including factors such as changing the physical and social environment of sows during LS) and BE are warranted to understand better the nature of this tactational estrual response as well as its physiological mechanism.
